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@ Implantable medical device lead assembly having high efficiency, flexible electrode head. 

@ An implantable medical device lead assembly 
has an electrode head including a flexible tip of 
elastomeric material embedding at least one 
rigid or flexible electrode. The at least one 
electrode and the elastomeric material define a 
curved tip surface adapted to contact the tissue 
to be stimulated. The compliance of the tip 
surface preferably approaches that of the body 
tissue to be stimulated so as to minimize the 
stress applied to the heart thereby reducing the 
adverse reaction of the heart to the presence of 
the electrode head. By way of example, the at 
least one electrode may take the fonm of a 
metallic or conductive polymer pin or may be 
made of wire. The elastomeric material may 
take the form of an envelope disposed about the 
electrode head and having fonmed integrally 
therewith anchoring means preferably compris- 
ing a plurality of pliant tines. 
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The present invention relates generally to im- 
plantable medical devices for providing stimulating 
pulses to selected body tissue, and more particularly, 
to the structure of the electrode head at the distal end 
of the lead assemblies connecting such devices with 
the tissue to be stimulated. 

Although it will become evident to those skilled in 
the art thatthe present invention is applicable toa va- 
riety of implantable medical devices utilizing pulse 
generators to stimulate selected body tissue, the in- 
vention and its background will be described princi- 
pally in the context of a specific example of such de- 
vices, namely, cardiac pacemakers for providing pre- 
cisely controlled stimulation pulses to the heart The 
appended claims are not intended to be limited, how- 
ever, to any specific example or embodiment descri- 
bed herein. 

Pacemaker leads form the electrical connection 
between the cardiac pacemaker pulse generator and 
the heart tissue which is to be stimulated. Forexanrv 
ple, endocardial type leads, that is, leads which are 
inserted into a vein and guided therethrough into a 
cavity of the heart, include at their distal end an elec- 
trode head having a tip designed to contact the en- 
docardium, the tissue lining the Inside of the heart As 
is well known, the leads connecting such pacemakers 
with the heart may be used for pacing; or for sensing 
electrical signals produced by the heart; or for both 
pacing and sensing In which case a single lead serves 
as a bidirectional pulse transmissbn link between the 
pacemaker and the heart 

One type of existing implantable pacing lead as- 
sembly includes an electrode head having an activat- 
ed vitreous carbon tip forming the conductive region 
or stimulation surface maintained in contact with the 
heart tissue to be stimulated. As is well known, vitr- 
eous carbon electrode tips, as well as other electrode 
tip materials in present use, have several advantag- 
es. They can provide relatively low chronic pacing 
thresholds, improved sensing characteristics and 
lower polarization voltages. On the other hand, exist- 
ing electrode tips are relatively rigid, that is, they are 
substantially less compliant than the heart tissue 
with which they are in contact Accordingly, such elec- 
trode tips subject the heart tissue to relath/ely high 
levels of mechanical stress or pressure concentration 
which, because of relath^e nrK>vement between the 
compliant tissue of the beating heart and the non- 
compliant electrode tip, results in trauma and inflam- 
matory tissue reaction. Among other undesirable 
consequences, this adverse reaction results in an in- 
crease in the stimulation threshold of the heart 

Thus, it is one object of the present invention to 
provide an implantable medical device lead assembly 
having an electrode head with structural characteris- 
tics minimizing the induced stress on the endocar- 
dium and therefore the adverse reaction by the heart 
to the presence of the electrode head. 



To prevent displacement or dislodgement of the 
electrode head and to maintain the necessary stable 
electrical contact between the lead tip and the endo- 
cardial tissue, the electrode head must be firmly 

5 anchored. To achieve this, the electrode head of ex- 
isting leads includes pliant, rearwardly projecting an- 
choring means, such as fins or tines, for secure pos- 
itioning of the electrode head. These fixation ele- 
ments become anchored in the heart's trabecular 

10 network and reduce the Incidence of electrode head 
displacement or dislodgement. in this fashion, the 
position of the electrode tip Is mechanically stabil- 
ized, that is, the tip is positively anchored so as to re- 
main in place during the lifetime of the Implant How- 

15 ever, although the flexible fbcation elenrients tend to 
fold down against the outer surface of the lead as- 
sembly during its insertion in the vein, these ele- 
ments nevertheless continue to project to some ex- 
tent thereby causing resistance to the advancement 

20 of the lead assembly within the vein. 

Accordingly, another object of the present inven- 
tion is to reduce the frontal area of the electrode head 
during implantation and thereby reduce the resis- 
tance to advancement of the lead within the vein. 

25 In accordance with one exemplary embodiment 

of the present invention, there is provkled an implant- 
able lead assembly having a proximal end adapted to 
be connected to a pulse generator, a distal end having 
an electrode head including a tip for transmitting 

30 electrical pulses to the tissue to be stimulated, and an 
electrical conductor connecting the proximal and dis- 
tal ends. The electrode head includes a conducth^e 
base having a proximal end connected to the electri- 
cal conductor and a distal end coupled to at least one 

35 electrode having a tissue-contacting surface. The at 
least one electrode is embedded in a flexible elasto- 
meric tip so as to define with the tissue-contacting 
surface of the electrode a tip surface adapted to con- 
tact the body tissue to be stimulated. The responsive 

40 flexing of the elastomeric tip with each heartbeat 
causes less stress on the heart tissue and according- 
ly reduces the extent of the adverse reaction to the 
heart tissue near the electrode compared to that re- 
sulting from a lead with a stiff, conventional tip de- 

45 sign. To minimize the induced stress on the heart, the 
stiffness of the elastomeric tip, at least for small de- 
formations, is designed to be quite low, preferably ap- 
proaching that of the heart tissue contacted by the tip 
surface. 

50 In accordance with other aspects of the Inven- 
tion, the elastomeric tip and the tissue-contacting 
surface of the at least one electrode together define 
a curved tip surface for making contact with the tis- 
sue to be stimulated, and the at least one electrode 

55 may furthermore have a variety of cross-sectional 
configurations including but not limited to circular, 
square, rectangular, triangular or annular. Still fur- 
ther, to enhance the flexibility of the electrode tip, the 
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at least one electrode itself may be flexible. In this 
connection, the at least one electrode may be formed 
of straight, coiled or braided flexible wire or may be 
fabricated of an electrically conductive polymer. 

Pursuant to yet another aspect of the invention, 
the elastomeric tip may be formed integrally with and 
as part of an elastomeric sheath or envelope enclos- 
ing the electrode head (except for the tissue-contact- 
ing surface of the at least one electrode) in which 
case the envelope may be molded as a single piece 
in situ about the electrode(s) and electrode base. Al- 
ternatively, the envelope may be prefabricated and 
slipped over the electrode head as a separate step in 
the manufacture of the lead assembly. 

In accordance with still another aspect of the in- 
vention, formed integrally with the envelope are a 
plurality of pliant, rearwardly projecting anchoring 
tines which, during Implantation, fold against the out- 
er surface of the envelope as the electrode head is 
advanced within the vein toward the heart The por- 
tion of the surface of the envelope so engaged by the 
tines during implantation is recessed so as to have a 
smaller outer diameter than the remainder of the en- 
velope. The tines are thus received within the re- 
cessed portion of the sleeve so as to be substantially 
flush with the outer surface of the sleeve. As a result 
of the reduced frontal area of the electrode head, re- 
sistance to advancement of the lead within the vein 
during implantation is decreased. 

Further objects, advantages and features of the 
invention will become apparent from the Detailed De- 
scription of the Preferred Embodiments when read in 
conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a longitudinal cross-section of a lead as- 
sembly having an electrode head in accordance 
with a first embodiment of the present invention; 
Fig. 2 is a transverse cross-section of the assem- 
bly shown in Fig. 1, as seen along the line 2-2; 
Fig. 3 is a longitudinal cross-section of a lead as- 
sembly having an electrode head in accordance 
with a second embodiment of the invention; 
Fig. 4 is an end view of the electrode head shown 
in Fig. 3; 

Fig. 5 is a cross-section view of an anchoring tine 
forming part of the electrode head of the second 
embodiment, taken along the line 5-5 In Fig. 3; 
Fig. 6 is a longitudinal cross-section of a lead as- 
sembly having an electrode head in accordance 
with a third embodiment of the invention; 
Fig. 7 is a longitudinal cross-section of an elec- 
trode head in accordance with a fourth embodi- 
ment of the invention; 

Fig. 8 is an end view of the electrode head shown 
in Fig. 7; 

Fig. 9 is a longitudinal cross-section of a lead as- 
sembly having an electrode head in accordance 
with a fifth emtiodiment of the invention; 



Fig. 10 Is an end view of the electrode head 
shown in Fig. 9; 

Fig. 11 is a longitudinal cross-section of an elec- 
trode head in accordance with a sixth embodi- 
5 ment of the invention; 

Fig. 12 is an end view of the electrode head 
shown In Fig. 11; 

Fig. 13 is a longitudinal cross-section of an elec- 
trode head in accordance with a seventh embodi- 
10 ment of the invention; 

Fig. 14 is an end view of the electrode head 
shown in Fig. 13; and 

Fig. 15 is a graph comparing the load versus de- 
formation characteristics of a carbon or other 

15 stiff electrode tip of the prior art, with those of a 
combined soft, flexible elastomeric polymer and 
electrode tip according to the present invention. 
The following description presents several pre- 
ferred embodiments representing the best mode 

20 contemplated for practicing the invention. This de- 
scription is not to be taken in a limiting sense but is 
made merely for the purpose of describing, with ref- 
erence to specific examples, the general principles of 
the invention whose scope Is defined by the append- 

25 ed claims. 

Figs. 1 and 2 show a flexible pacing lead assem- 
bly 10 in accordance with a first preferred embodi- 
ment of the invention. The lead assembly 10 Includes 
a proximal end adapted to be connected to a pulse 

30 generator 12, a distal end 14 including an electrode 
head 16, and a coiled conductor 18 for transmitting 
electrical pulses between the pulse generator 12 and 
the electrode head 16. The pulse generator 12 may 
form part of a cardiac pacemaker although, as al- 
as ready Indicated, the inventton is applk:able to a vari- 
ety of implantable medical devices using pulse gen- 
erators to stimulate selected body tissue. Further, 
where both pacing and sensing functions are per- 
formed by the lead assembly, the coi led conductor 1 8 

40 provides a bidirectional electrical transmission link 
between the electrode head and pulse generator. The 
assembly 1 0 further includes an insulating sheath 20 
of some suitable material such as silicone rubber or 
polyurethane, for example, extending substantially 

45 the entire length of the lead assembly 10. The sheath 
20 includes at the distal end 14 of the lead assembly 
a plurality of rearwardly projecting pliant tines 22 
functioning, as is well known in the art, to interlock in 
the trabeculae within the heart and thereby prevent 

50 displacement of the distal end 14 once implanted. Al- 
though tines are the preferred anchoring means for 
purposes of the present invention, it will be under- 
stood by those skilled in the art that fins or some 
other suitable means may be used instead. 

55 The electrode head 16 Includes a generally cyl- 
indrical base 26 of conductive implantable material 
such as a 90/10 alloy of platinum and iridium. The 
electrode head 26 further includes a flexible tip 28 to 



3 



5 



EP0 601 806 A2 



6 



be described in greater detail below. 

The base 26 has a central, longitudinal axis 30 
and a main portion 36 Including a bore 38 for receiv- 
ing the distal end of the coiled conductor 18. The dis- 
tal end of the col led conductor 1 8 is crimped between 5 
the wall of the bore 38 and a crimp tube 40 within the 
distal end of the conductor 18 so as to provide a se- 
cure electrical connection between the conductor 18 
and the base 26. The main portion 36 of the base 26 
includes a transverse surface 44. Press fit in, or to 
otherwise secured to, the base 26 and projecting 
from the wall 44 are a plurality of parallel, longitudin- 
ally extending electrodes 46 in the form of pins dis- 
posed about the longitudinal axis 30. The pins 46 may 
be fabricated of any Implantable, conductive material, is 
for example, a 90/10 platinunn/ iridium alloy. As an al- 
ternative to metal, the pins 46 may be fabricated of an 
electrically conductive ceramic, oxide or polymer, the 
latter enhancing the flexibility of the tip 28. in the em- 
bodlment under consideration, four electrode pins 46 20 
are utilized but it will be evident that a greaternumber 
of pins (for example, five or sbc) or fewer pins (for ex- 
ample, one or two) may be employed. Preferably, the 
electrode pins 46 are disposed symmetrically about 
the longitudinal axis 30. Thus, where four such pins 25 
are used they are disposed at SO"* intervals and equi- 
distant from the axis 30, as best seen in Fig. 2. Fur- 
thermore, although the electrode pins 46 illustrated 
in Figs. 1 and 2 have circular cross-sections, it will be 
evident that other cross-sectional configurations 30 
such as triangular, hexagonal, rectangular and annu- 
lar may be employed. As shown in Fig. 1, the elec- 
trode pins 46 extend beyond the distal end of the 
base 26, terminating at tissue contacting end surfac- 
es 48. 35 

Further in accordance with the present invention, 
the tip 28 of the electrode head 24 comprises an ex- 
tremely soft, flexible elastomeric structure molded In 
situ as a single piece and made of a suitably soft, flex- 
ible polymer, for example, silicone rubber elastomer 40 
or poiyurethane. The polymer completely surrounds 
or embeds the electrode pins 46 except for their end 
surfaces 48. The tip 28 is configured to define a 
curved tip surface 52 and the pin electrode end sur- 
faces 48 are correspondingly curved so as to doseiy 45 
conform to the curvature of the tip surface 52. To re- 
duce polarization voltages, the surface areas of the 
electrode end surfaces 48 may be Increased by tech- 
niques known in the art. For example, the end surfac- 
es 48 may be roughened or texturlzed or otherwise so 
made porous and/or microporous and/or can be coat- 
ed with such materials as titanium nitride, titanium ox- 
ide, iridium oxide, platinum black or carbon. All of 
these materials are known to increase the true elec- 
trical surface area to Improve the efficiency of elec- 55 
tncal performance by reducing wasteful electrode 
polarization. Where the tip polymer is a silicone elas- 
tomer, this material will include, or can be fabricated 



to Include, dimples, grooves or micropores, or other 
indentations or recesses in the tip surface 52 for pro- 
motion of tissue ingrowth to enhance anchoring the 
lead tip to the tissue. Such indentations can also be 
used to house drugs or med icatlons for del ivery to t he 
adjoining tissue. In additton, the tip surface 52 may 
be provided with a lubricous, low friction coating 54, 
or other coatings of various therapeutic substances 
including, for example, anti-Inflammatory, antiar- 
rhythmic, antl-mlcrobial agents, or other drugs. Still 
further, the silicone elastomer can be compounded 
with metal particles or other radio opaque marker 
material to make the elastomer fluoroscopically visi- 
ble. 

Thus, it will be seen that the present Invention 
provides a lead assembly having an electrode head 
with a flexible polymer tip allowing flexing thereof 
with each heartbeat to cause less stress on the heart 
and therefore reduce the adverse reaction of the 
heart's tissue. Preferably, the stiffness of the poly- 
mer tip, at least for small deformations, approaches 
that of the heart tissue so as to minimize the stress 
induced by the presence of tip of the electrode head. 
In this connection. Fig. 15 shows the results of com- 
parative load versus deformation stiffness tests per- 
formed on a stiff electrode tip (such as carbon) of the 
prior art and on a flexible polymer tip in accordance 
with the invention. The prior art tip is very stiff, the 
deformation curve thereof having a steep, substan- 
tially linear characteristic indicative of a high spring 
rate. On the other hand, the deformation curve of the 
polymertip, when subjected to deforming forces, has 
two distinct regions— I and II. In region I, for low loads, 
the polymer controls and the tip exhibits a high de- 
gree of compliance, that Is, low stiffness. At the be- 
ginning of this regbn, the stiffness or spring rate of 
the polymer tip is very low and may, for example, be 
less than 1% that of the prior art tip. As the load and 
the accompanying deformation increase, the pres- 
ence of the metal base and electrode pins (where 
such pins are metal, for example) becomes more evi- 
dent until, in region II, the metal components begin to 
control and the slope of the curve starts to parallel 
that of the stiff prior art tip. To effectively reduce the 
pressure on the heart tissue by the polymer tip, the 
stiffness of the tip should be dose to that of the heart 
tissue, at least at the beginning of region I. 

Turning now to Figs. 3-5, there is shown the distal 
end of a padng lead assembly including an electrode 
head 60 illustrating a second preferred embodiment 
of the invention. The electrode head 60 includes a 
generally cylindrical, electrically conductive base 62 
having a longitudinal central axis 64, a proximal end 
66 and a planar, distal end 68. As in the first embodi- 
ment, the base may be made of a 90/10 alloy of pla- 
tinum and iridium or the like and the proximal end 66 
indudes a bore 70 for receiving the distal end of a 
coiled conductor 72 for electrically coupling the base 
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62 to a puise generator circuit forming part of a car- 
diac pacemaker. Extending forwardly from the distal 
end 68 of the base 62 are a plurality of parallel, long- 
itudinally oriented pin electrodes 74. Four such pin 
electrodes are shown by way of example and each 
has an end surface 76. The pin electrodes 74 may be 
made of metal, ceramic, oxides or of a conductive 
polymer, have a variety of cross-sectional shapes (as 
already explained) and may be attached to the base 
in various ways. For example, where t he pins are met- 
al, they may be made integral with the base 62 using 
known precision forming techniques for removing 
metal. Alternatively, they may be press fit or welded 
within holes formed in the base 62 or bonded to the 
base. Except for the end surfaces 76 of the electrode 
pins 74, the base and the pins 74 are encased within 
an elastomeric envelope 78 of a very soft and flexible 
polymer such as silicone rubber elastomer or polyur- 
ethane which, according to one alternative, may be 
molded as a unitary body in situ about the base 62 
and pins 74. The polymer envelope 78 and electrode 
pins 74 define an electrode head tip 80 adjacent the 
distal end of the base, the tip 80 having a curved out- 
er surface 82. As in the first embodiment, the elec- 
trode pin end surfaces 76 are shaped to conform to 
the curvature of the tip surface 82 and they may be 
roughened or coated as already explained to increase 
their surface area. Tines 84 projecting rearwardly 
from the elastomeric envelope 78 and molded as part 
thereof serve to anchor the electrode head 60 once 
in place within a chamber of the heart. 

The polymer envelope 78 includes as an integral 
part thereof a sleeve 86 extending rearwardly from 
the tines 84 and enclosing the distal end of the coiled 
conductor 72. During implantation, as the electrode 
head 60 is advanced within a vein toward the heart, 
the pliant tines are urged by the wall of the vein to fold 
down into contact with the outer surface of the sleeve 
86. To minimize the frontal area of the electrode head 
60 during the implantation procedure and thereby 
minimize resistance to moving the lead assembly 
within the vein, the diameter of the portion 88 of the 
sleeve 86 that is engaged by the folded tines is made 
smaller than that of the remainder of the envelope 78 
to receive the tines in recessed fashion, as shown by 
the broken lines in Fig. 3. Further in this connection, 
the height of the tines 84 is preferably minimized by 
providing the tines with a low profile, convex top, flat 
bottom cross-section shown in Fig. 5. 

To enhance anchoring and provide additional 
positional stability, the base 62 may be necked down 
and at least one annular groove 90 provided aboutthe 
envelope 78 just behind the tip 80. Although the fab- 
rication of the envelope 78 as a single piece including 
the tip 80, the tines and the sleeve 86 is preferred, it 
will be obvious that the tip 80, for example, may be 
formed as a separate component. Further, as stated, 
the envelope 78 may be molded in situ about the elec- 



trodes 74, base 62 and conductor 72 or prefabricated 
in which case the envelope 78 Is slipped over the 
aforementioned components. 

The embodiments thus far have been described 

5 in terms of a unipolar pacing lead assembly. It should 
be understood that the invention is applicable as well 
to bipolar pacing leads having two separate conduc- 
tors, and to multipolar pacing leads employing multi- 
ple conductors. By way of example. Fig. 6 shows how 

10 the invention may be applied to a coaxial bipolar lead 
assembly 100. The assembly 100 includes an inner 
coiled conductor 102 surrounded by an outer colled 
conductor 104. The coils 102 and 104 are electrically 
isolated from each other by a tubular insulating layer 

15 106 interposed between the coils. The distal end of 
the outer conductor 104 is electrically connected to a 
ring electrode 108 having a generally T-shaped cross- 
section. The distal end of the inner conductor 1 02 ex- 
tends beyond the end of the outer conductor 104 and 

20 is received by an electrode head 110 substantially 
identical to the electrode head 60 of the second env 
bodiment Thus, the electrode head 110 includes a 
base 112 and pin electrodes 114 all encased within a 
polymer 116 so as to define a tip 118 having a tissue 

25 contacting tip surface 119. 

Figs. 7 and 8 depict yet another embodiment of 
the present invention in which an electrode head 120 
having a longitudinal axis 122 includes an electrically 
conductive metallic base 124. The base 124 has 

30 formed integrally therewith a single, longitudinally ex- 
tending electrode in the form of a pin 1 26 centered on 
the axis 122. As In the embodiments already descri- 
bed, except for a tissue-contacting end surface 128 
of the pin electrode 126, the base and pin are embed- 

35 ded in a soft polymer such as polyurethane or silicon 
rubber so as to define a flexible tip 130 having a 
curved tip surfece 132. All of the features and alter- 
native configurations described in connection with 
the previous embodiments are applicable to this em- 

40 bodiment 

Figs. 9 and 1 0 show an embodiment providing for 
a substantial increase in the flexibility of the tip of an 
electrode head 140 further in accordance with the in- 
vention. The electrode head 140 includes a generally 

45 cylindrical electrically conductive base 142 centered 
on a longitudinal axis 144. The base 142 includes a 
main portion 146 and smaller diameter coaxial por- 
tions 148 and 150 extending forwardly and rearward- 
ly, respectively, from the main porlton 146. A coiled 

50 conductor 152 within an outer Insulative sheath 154 
is securely connected to the rear portion 150 of the 
base. Projecting forwardly from the front portion 150 
of the base substantially parallel with the axis 144 are 
a plurality of electrodes 156 in the form of small di- 
ss ameter, flexible wires. The flexible wire electrodes 
156 are attached to the base portion 150 by laser 
welding or other means providing a secure electrical 
and mechanical connection; each wire electrode f ur- 
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ther has an end surface 158. Any practical number of 
wire electrodes may be used. For example, seven are 
shown in the embodiment under consldeneition. As in 
the previous examples of the Invention, the wire elec- 
trodes and base are embedded within a soft elasto- s 
merle polymer 160 such as polyurethane or silicone 
rubber with the wire electrode end surface 1 58 being 
exposed to make contact with the tissue to be stimu- 
lated. And, as in the previously described embodi- 
ments, the portion of the electrode head forwardly of io 
the base 142 and including the wire electrodes 156, 
defines a tip 160 having, preferably, as before, a tip 
surface 162 that Is curved and to whose curvature 
the wire electrode ends 158 conform. Alternatively, 
the wire electrode ends may be heated and melted is 
and then allowed to cool to form either a flat or glob- 
ular end surface. 

It will be appreciated that the flexible wire elec- 
trodes enhance the overall flexibility of the tip so as 
to even further reduce the risk of trauma and result- 20 
ing adverse tissue reaction of the heart Instead of 
the wire electrodes in the form shown in Figs. 9 and 
1 0, the advantages of this embodiment of the inven- 
tion may be realized by using a variety of electrode 
forms providing the desired flexibility. For example, 25 
Instead of the straight wire electrodes shown in Figs. 
9 and 10, a coil or braid of fine wire can be used in 
place of each straight wire or, still further, flexible, 
electrically conductive ribbons may be used Instead 
of wire. The embodiment under consideration may 30 
further include pores 164 or other indentations, 
grooves or recesses in the tip surface 162 for enhanc- 
ing tissue ingrowth or for use as receptacles for stor- 
age of drugs for drug delivery. Such pores typically 
have a diameter of about 50 microns, but could be 35 
used in ranges of 5 to 500 microns. It should be noted 
that this expedient is equally applteable to the other 
embodiments described herein. 

Figs. 11 and 12 show yet another embodiment of 
the Invention Including a generally cylindrical elec- 40 
trode head 170 having a longitudinal axis 172 and in- 
corporating an electrically conductive base 174. The 
base 174 has a distal planar surface 176 carrying a 
ring electrode 178. The ring electrode is electrically 
and mechanically coupled to the surface 176 of the 45 
base by means of flexible wires 1 80 or the like whose 
opposite ends are laser welded or otherwise secured 
to the base and ring electrode. The base and ring 
electrode are encapsulated within a polymer 182 
molded about the electrode head components there- so 
by defining a tip 184 having a curved outer surface 
186. The ring electrode is concentric with the longi- 
tudinal axis 172 and Includes an outer annular tissue- 
contacting surface 188 curved to conform to the tip 
surface and to thereby be flush therewith. Instead of 55 
a single ring electrode, it will be obvious that multiple 
ring electrodes may also be employed as an alterna- 
tive to that shown in Figs. 11 and 12. 



A seventh embodiment 190 of an electrode head 
according to the present invention, similar to the first 
embodiment, is shown in Figs. 13 and 14. The elec- 
trode head 190 includes a base 192, pin electrodes 
1 94 projecting from the base, a polymer sheath 193 
about the base 192, and a polymertip 196 embedding 
the pins 194 except for their end surfaces 198. The 
tip 196, as in the preceding embodiments, has a 
curved outer surface 200 and the configuration of the 
end surfaces 1 98 of the pin electrodes conform to the 
curvature of the tip surface 200. This embodiment 
further includes intersecting grooves 202 formed in 
the tip surface 200 to enhance anchoring stability. 
The tip surface 200 may also include micropores 204 
for enhancing tissue ingrowth and, as before, a hypo- 
inflammatory, anti-microblal coating or other thera- 
peutic coating may be applied to the tip surface 200. 



Claims 

1. A lead assembly (10) adapted to transmit electri- 
cal signals between an implantable medical de- 
vtee (12) and selected body tissue, the lead as- 
sembly (10) Including an electrode head (16) and 
a conductor (18) connecting the medical device 
(12) to the electrode head (1 6), the electrode (1 6) 
including at least one electrically conducthfe 
electrode (46) in electrical communication with 
the medical device (12) and arranged to make 
electrical contact with the selected tissue, char- 
acterised by a unitary soft flexible elastomeric 
envelope (20,28) having a tip surface portion 
(52) arranged to contact the selected body tis- 
sue, the envelope (20,28) encasing the electrode 
head (16), the electrode (46) extending within the 
envelope (20,28) to its tip surface portion (52) in 
order to make electrical contact with the selected 
tissue. 

2. A lead assembly as claimed in Claim 1, charac- 
teriised in that the stiffness of the tip surface por- 
tion is approximately the same as that of the se- 
lected body tissue. 

3. A lead assembly as claimed In Claim 1 or Claim 
2, characterised in that the or each electrode (46) 
Is made of metal or a conductive ceramic material 
or a conductive oxide, and is preferably in the 
form of a pin electrode. 

4. A lead assembly as claimed in Claim 1 or Claim 
2, characterised in that the or each electrode is 
a flexible wire which may have a coiled or braided 
configuration, or Is fabricated of a conductive 
polymer. 

5. A lead assembly as claimed in any preceding 
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Claim, characterised in that the electrode head 
(16) has a longitudinal axis and the electrode or 
electrodes (46) have an annular configuration 
substantially concentric with the longitudinal 
axis. 5 

6. A lead assembly as claimed in any preceding 
Claim, characterised In thattheoreach electrode 
(46) has an end surface (48) which conforms to 

the structure of the tip surface portion (52). io 

7. A lead assembly as claimed in any preceding 
Claim, characterised in that the tip surface por- 
tion (52) is coated with a therapeutic agent 

15 

8. A lead assembly as claimed in any of Claims 1 to 
6, characterised in that the elastomeric portion of 
the tip surface portion (162) includes recesses 
(1 64) and/or at least one groove (202), which may 
contain at least one therapeutic agent for delivery 20 
to the selected body tissue. 

9. A lead assembly as claimed in any preceding 
Claim, characterised in that the end surface of 

the or each electrode (46) is roughened or tex- 25 
tured or includes a coating of conductive partic- 
ulate matter. 

10. A lead assembly as claimed in any of Claims 1 to 
8, characterised In that the end surface of the or 
each electrode includes a coating with a material 
selected from titanium nitride, titanium oxide, iri- 
dium oxide, platinum black and carbon. 

11. A lead assembly as claimed in any preceding 
Claim, characterised in that the lead assembly 
had a distal end (14) including the electrode head 
(16) and the flexible elastomeric envelope 
(20,28) is disposed about at least a portion of the 
distal end. 

12. A lead assembly as claimed in any preceding 
Claim, characterised in that the envelope (20,28) 
includes means (22) projecting from the envel- 
ope for anchoring the distal end (14) of the lead 
assembly relative to the selected body tissue. 

13. A lead assembly as claimed in Claim 12, charac- 
terised in that the anchoring means (84) are 
adapted to fold against the outer surface of the so 
envelope, the outer surface of the envelope be- 
ing recessed (88) to receive the anchoring means 

(84) whereby the frontal area of the electrode 
head (16) is reduced. 

55 

14. A lead assembly as claimed in Claim 12 or Claim 
13, characterised in that the anchoring means 
(22) comprises a plurality of compliant tines 



formed integrally with the envelope, each time 
preferably having a cross-section configured to 
minimise the frontal area of the electrode head 
(16). 

15. A lead assembly as claimed in any preceding 
Claim, for an implantable medical device for 
stimulating hearttissue, characterised in thatthe 
electrode head comprises an electrically conduc- 
tive base (26) having a proximal end coupled to 
the electrical conductor (18) and a plurality of 
electrically conductive electrodes (46) connect- 
ed to and projecting from the distal end of the 
base (26); the. electrode head having a tip sur- 
face which is arranged to flex under the action of 
heartbeats for reducing stress on the heat tis- 
sue. 

16. An electrode head (16) adapted to be connected 
to the distal end (14) of an implantable medical 
device lead assembly (10), the electrode head 
(16) comprising: an electrically conductive base 
(26) having a distal end; at least one electrode 
(46) connected to and projecting from the distal 
end of the base (26); and a flexible elastomeric 
material (20,28) surrounding the or each elec- 
trode (46) and defining therewith a flexible tip 
surface (52) configured to contact body tissue to 
be stimulated by the implantable medical device 



20. An electrode head as claimed in any of Claims 17 
to 19, characterised In thatthe elastomeric mate- 
rial is in the form of an envelope (20,28) encasing 
the or each electrode (46) and enclosing the con- 
ductive base (26). 

21. An electrode head as claimed In Claim 20. char- 
acterised in that the envelope (20,28) includes at 
least one circumferential groove (90) for enhanc- 
ing tissue ingrowth. 



15 



20 



30 (1 2) the tip surface (52) flexing in response to rel- 

ative motion of the body tissue for reducing 
stress on the body tissue. 

17. An electrode head as claimed in Claim 16, char- 
35 acterised in that the elastomeric material is a soft 

polymer of polyurethane or silicone elastomer. 

18. An electrode head as claimed in Claim 16 or 
Claim 17, characterised in that the stiffness of 

40 the tip surface (52) Is approximately the same as 
that of the body tissue. 

19. An electrode head as claimed in any of Claims 16 
to 18, characterised in that the or each electrode 

45 (46) is made of metal or a conductive oxide, or is 
made of a conductive, flexible material. 
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22. An electrode head as daimed in Claim 20 or 
Claim 21, characterised in that the envelope 
(20,28) includes means (22) projecting therefrom 
for anchoring the electrode head (16) relative to 

the body tissue. 5 

23. An electrode head as claimed in Claim 22, char- 
acterised in that the anchoring means comprises 
a plurality of compliant times (22) formed inte- 
grally with the envelope, each tine preferably io 
having a cross-section configured to minimise 

the frontal area of the electrode head. 

24. An electrode head as claimed in Claim 23, char- 
acterised in that the tines (84) are adapted to fold is 
against the outer surface of the envelope, the 
outer portion of said envelope being recessed 

(88) to receive the tines (24) whereby the frontal 
area of the electrode head (16) Is reduced. 

20 

25. A lead assembly (10) having a proximal end 
adapted to be connected to an implantable med- 
ical device (12) for stimulating selected body tis- 
sue, a distal end (14) and an electrical conductor 

(1 8) connecting the proximal and distal ends, the 25 
distal end including an electrode head (16) hav- 
ing an outer surface and comprising: means (14) 
projecting from the outer surface of the electrode 
head (16) for anchoring the distal end of the lead 
assembly (10) relative to the selected body tis- 30 
sue, the anchoring means (84) being adapted to 
fold against a portion of the outer surface, the 
portion of the outer surface t>eing recessed (88) 
to receive the anchoring means (84) whereby the 
frontal area of the electrode head (1 6) is reduced. 3S 

26. A lead assembly as claimed in Claim 25, charac- 
terised in that the anchoring means (14) compris- 
es a plurality of compliant tines, each tine prefer- 
ably having a cross-section configured to mini- 40 
mise the frontal area. 
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